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(54) Improvements in or relating to elements faced with superhard material 

(57) A preform element, for examplefor use as a cutter In a rotanr drill bit, includes a ^^'^I'^^^^l^^.. „ 
Dolvcrvatalline diamond bonded to a substrate (21) of tungsten carbide. The rear surface of the facing table 22 
Keorallv formed with a plurality of protuberances 24 which project into the substrate and are spaced apart 
iJeoulaXacro^^^ 

ZZ^^e^n^h^<^^fit^Mon of the different sizes and/or shapes may also be Irregular. The protuberances 
24 may also project Into the substrate to Irregularly varying depths. 
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"^T pprnvemenf s in or relf ttin ^ to elements faced with superhard matCTri" 

The invention relates to elements faced with superhard material, and particularly 
to prefoim elements comprising a facing table of superfiard material having a front face, 
a peripheral surface, and a rear surface bonded to a substrate of material which is less 
5 hard than the superhard material. 

Preform dements of this kind are often used as cutting elements on rotary drag- 
type drill bits, and the present invention will be particulariy described in relation to such 
use. However, the invention is not restricted to cutting elements for this particular use, 
and may relate to preform elements for other puiposes. For example, elements faced 
10 with superfiard material, of the kind referred to, may also be employed in woricpiece- 
shaping tools, high pressure nozzles, wire^lrawing dies, bearings and other parts subject 
to sliding wear, as well as elements subject to percusswe loads as may be the case in 
tappets, cams, cam followers, and similar devices in which a surface of high wear 
resistance is required. 

15 Preform elements used as cutting elements in rotaiy drill bits usually have a 

facing table of polyoystalline diamond, althou^ oAer superfiard materials are available, 
such as cubic boron nitride and amoiphous diamond^ cart)on (ADLC). The substrate 
of less hard material is often formed from cemented tungsten carbide, and the facing 
table and substrate are bonded together during formation of the element in a high 

20 pressure; high temperature forming press. This forming process is well known and will 

not bft dCflcrilMf^ mrAatm\ 

Each prefoim cutting element may be mounted on a carrio- in the form of a 



generally c^drical stud or post recdved in a socket in the body of the drill bit. The 
carrier is often formed from cemoited tungsten carbide, the surface of the substrate 
being brazed to a sui&ce on the carrier, for example by a process known as "LS 
bondmg". Alteniativeiy, the substrate itself may be of sufficient tluckness as to provide, 
5 in effect, a cylindrical stud which is sufficiently long to be directly recdved in a socket 
in the bit body, without being brazed to a carrier. The bit body itself may be machined 
from metal, usually steel, or may be moulded using a powder metallurgy process. 

Such cutting elements are sutgected to extremes of temperature during formation 
and mounting on the bit body, and are also subjected to high temperatures and heavy 
10 loads when the drill is in use down a borehole. It is found that as a result of such 
conditions spalling and delamination of the superhard fadng table can occur, that is to 
s^the sq)aration and loss of the diamond or other superhard material over the cutting 
sui&ce of the table. 

This may also occur in preform elements used for other purposes, and 
15 particularly where the elements are subjected to repetitive percusdve loads, as in tappets 
and cam mechanisms. 

Conmionly, m preform dements of the above type the mt^ce between the 
supeifaard table and the substrate has usually been flat and planar. However, particulariy 
in cutting dements for drill tnts, attempts have been made to hnprove the bond between 
20 the superhard &cmg table and the substrate by configuring the rear &ce of the fadng 
table so as to pro^de a degree of medianical interioddng between the &dng table and 
substrate. 
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One such anangement is shown in U.S. Patent Specification No. 512327 where 
the rear sui&ce of the being table is integrally fanned with a plurality of identical spaced 
apart parallel ridges of constant depth. The &dng table also includes a peripheral ring 
of greater thickness, the extremities of the parallel ridges intersecting the surrounding 
5 ring. U.S. Specification No. 4784023 illustrates a similar arrangement but without the 
peripheral ring. 

While such cutting elements have met with some success in the field, they suffer 
fi:-om certain serious disadvantages. Since the ridges on thie facing table are parallel and 
extend torn one side of the cutting element to the other, it is necessary to ensure that 

10 the cutting dement is mounted on the drill bit in the correct rotational orientation, since 
it is desoable that the cutting edge, le. the part of the peripheiy of the &cmg table which 
engages the foraiation during drilling, extends across the ends of the ridges. This leads 
to difficulties, during manufacture, in mounting such cutting elements in the correct 
orientation on the posts, since many posts are not mounted on the bit body so as to be 

15 peq}endicular to the fonnation. Thus the required orientation of the cutting element on 
the post depends i^ion the uhimate orientation and alignment of the post when mounted 
on the bit body. 

One of the main puiposes of providing the above-mentioned ridges on the feeing 
table is to improve the bonduig between the fadng table and the substrate by 
2 0 accommodatmg the distortion wfaidi results fi-om heating of the cutting assembly during 
manu&cture, both during fonnation of the cutting element itself^ and in its subsequent 
bonding onto a carrier. Such distortion results fi"om the difference in coefficient of 



theraial expansion between the superhard material of the facing table and the less hard 
material of the substrate. Since the cutting elements of the kind referred to above are 
not symmetrical about the central axis, the distortion as a result of heatmg is also not 
symmetrical. Thus little distortion may be found along the plane of the ridges, but 
considerable distortion may be evident peipradicular to the ridges. This can therefore 
lead to splitting along the line of the ridges v/hen the cutting element is subjected to high 
temperatures, for example when bonding to a carrier. 

Given the difference in properties between the superhard material and the 
material of the substrate, a stress condition is always established between the &dng table 
and the substrate. Tins stress is generally radial and the mtensity of the stress increases 
mih distance from the centre of the cutter. The prior art cutting demems take no 
account of tlus and provide no arrangement for accommodating the increaang stress at 
the outer radial positions. The opposite extremities of the parallel ridges provide some 
reinforcement of the outer peripheral ring on two diametrically opposed portions of the 
peripheral ring but provide no such support for the opposed portions of the ring which 
lie at oppoate ends of a diam^er at right angles to the ridges. 

The present invention relates to a novel form of preform element where the rear 
surface of the &cing table, which is bonded to the substrate, has a novel configuration 
intended to overcome some or all of the above-mentioned problems, while also 
providing other advantages. 

According to the present invendon, there is |HOvided a prefonn element including 
a fidng table of superhard material having a front face, a peripheral surface, and a rear 



surface bonded to a substrate which is less hard than the superhard material, the rear 
surface of the feeing table being integrally formed with a plurality of protuberances 
which project into the substrate, said protuberances bdng spaced apart irregularly across 
the rear surface of the &cing table. 

The protuberances improve the bond betweoi the facing table and the substrate 
to inhibit spalling and delamination, but since th^ are irregularly spaced the element has 
no axis of symmetry and so may be arranged in any orientation. 

The protuberances may differ in cross-sectional shape and/or size and may also 
differ in the depth to which they project into the substrate. Preferably the distribution 
of protuberances of different cross-section and/or of different depths is also irr^lar 
across the feeing table. However, there may be advantage in the protuberances nearer 
the peripheiy of the dement, or that part of the periphery which forms the cutting edge, 
being of greater average deptii than the protuberances in other regions of the facing 
table. 

The foUoMwig is a more detailed description of embodiment| of the invention, 
reference bdng made to the accompanyiiig drawnngs in which: 

Hgure 1 is a side elevation of a typical drag-type drill bit in which cutting 
dements according to the present invention may be used, 

Rgure 2 is an end devation of the drill bit shown in Figure 1, 

Rgure 3 is an underplan view of the superhard fedng table of a preform dement 
in accordance with the invention, the substrate bdng removed, and 

Figure 4 is a sectional view through the preform element of which Egure 3 
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shows the fedng table. 

Figures 1 and 2 show a typical full bore drag-bit of a kind to which cutting 
dements of the present invention are appOcable. The bit body 10 is machmed fiom steel 
and has a shank formed with an »ctemally threaded tapered pin II at one end for 
5 connection to the drill string. The operative end &ce 12 of the bit body is fbnned with 
a number of blades 13 radiating from the central area of the bit, and the blades cany 
cutter assemblies 14 spaced apart along the length thereof The bit has a gauge section 
including kickers 16 which contact the walls of the borehole to stabilise the bit in the 
borehole. A central passage (not shown) in the bit and shank delivers drilUng fluid 
10 through nozzles 17 in the end face 12 in known manner. 

Each cutter assembly 14 comprises a preform cutting element 18 mounted on a 
carrier 19 in the fonn of a post which is located in a socket in the bit body. Each 
preform cutting element is in the form of a circular tablet comprisuig a &dng table of 
superhard material, usually polycrystalline diamond, bonded to a substrate which is 
15 normally of cemented tungsten cari)ide. The rear surface of the substrate is bonded, for 
example by LS bonding, to a suitably orientated surface on the post 1 9. 

One form of prefonn cutting element for a rotaiy drill bit, in accordance with the 
present invention, is shown in Rgures 3 and 4. The cutting dement comprises a 
polycrystalline diamond front &cing table 20 bonded to a cemented tungsten carbide 
20 aibstrate2I. The ficioig table 20 comprises a front flat layer 22 provides the front 
cutting.face23 of the&dng table. 

The rear sur&ce of the polycrystalUne diamond &xang table 22 of the cutting 



dement is fonned with a plurality of protuberances 24 which project into the tungsten 
carbide substrate 21 . 

Accordiiig to the invention, the protuberances 24 are arranged irregularly and in 
random fashion across the area of the &cing table, so that the preform element has no 
axis of symmetiy. Furthermore, in this particular arrangement the protuberances are of 
different sizes both in diameter and depth. The arrangement of protuberances of 
particular diameto? and depth is also random across the area of the cutting element and 
is not in any regular pattern. 

The irr^lar arrangement allows the cutting element to be used in any rotational 
orientation. The random depths of the protuberances means that should a crack b^n 
to be propagated across the substrate to the rear of the ficing table, the crack vnil 
sooner or later meet a protuberance, thus inUbhing fiirther propagation of the crack, 
since there is no continuous surface along which a crack may propagate without 
interruption. 

Although the depths of the protuberances are generally randomly arranged, the 
average depth preferably increases towards the periphery of the element, or towards a 
portion of the periphery -wbadi defines a cutting edge, so as oppose the tendency for 
delamination or spalling of the superfaard facing table to be initiated adjacent the 
periphery. 

In any of the above-described arrangements in accordance with the mvention a 
tranation layer may be provided between the &dng table and the substrate. The 
tranationhiyer m^. for example, comprise polycrystalline diamond particles embedded 
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in a tungsten carbide matrix. 
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1 . A prefonn dement including a fadng table of supeiliard materia] having a front 
face, a peripheral sui&ce, and a rear suiiace bonded to a substrate which is less hard 
than the superhard material, the rear surface of the fiidng table being integrally formed 

5 with a plurality of protuberances which project into the substrate, said protuberances 
bdng spaced apart irregularly across the rear surface of the facing table. 

2. A preform element according to Claim 1, wherein the protuberances differ in 
cross-sectional shape. 

3 . A prefonn element according to Claim 1 or Claun 2. wherein the protuberances 
1 0 differ in cross-sectional sizs. 

4. A preform element accordmg to any of Clauns 1-3, wherein the protuberances 
differ in the dq)th to which they project into the substrate. 

5. A prefonn element according to any of Claims 2-4, wherein the distribution of 
protuberances of different cross-sectional shape or aze is irregular across the facing 

15 table. 

6. A preform donent according to Claim 4, wherdn the distribution of 
protuberances of different depths is uregular across the fidng table. 

7. A preform dement accordmg to any of Clauns 1-6, wherdn the protuberances 
nearer the periphery of the dement, or that part of the periphery which forms a cutting 

2 0 edge, are of greater average depth than the protuberances in other r^ons of the hang 
table. 

8. A preform dement accord ng to any of Claims 1-7, wherein the preform dement 



10 

is substantially circular. 

9. A prefonn element substantially as hereinbefore described with reference to 
^gures 3 and 4 of the accompanying drawings. 
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